Molecular basis of the synergistic inhibition of platelet function by nitrovasodilators and activators of adenylate cyclase: inhibition of cyclic AMP breakdown by cyclic GMP.
We investigated the roles of cyclic GMP and cyclic AMP in the inhibition of rabbit platelet aggregation and degranulation by two nitrovasodilators, sodium nitroprusside (SNP) and 3-morpholinosydnonimine (SIN-1; the active metabolite of molsidomine), with particular reference to the synergistic interaction of these drugs with prostaglandin E1 (PGE1). Changes in platelet cyclic [3H]GMP and cyclic [3H]AMP were measured by rapid and sensitive prelabeling techniques, the validity of which were confirmed by radioimmunoassays. Incubation of the platelets with 0.1 to 10 microM SNP alone for 0.5 min caused progressively greater inhibitions of platelet function associated with large dose-dependent increases in cyclic [3H]GMP and 1.4- to 3.0-fold increases in cyclic [3H]AMP. However, addition of SNP with the adenylate cyclase activator, PGE1, at a concentration of the latter that had little effect alone, caused much larger increases in cyclic [3H]AMP and greatly enhanced the inhibition of platelet aggregation. SIN-1 had effects similar to those of SNP, although it was less active. The adenylate cyclase inhibitor 2',5'-dideoxyadenosine (DDA) diminished the increases in cyclic [3H]AMP caused by SNP or SIN-1 in both the presence and absence of PGE1 but reduced the inhibition of platelet function caused by the nitrovasodilators only in the presence of PGE1. These results suggest that, although cyclic GMP may mediate the inhibition of rabbit platelet function by high concentrations of nitrovasodilators added alone, the synergistic interaction of lower concentrations with PGE1 depends on an enhanced accumulation of cyclic AMP. Synergistic effects on cyclic [3H]AMP accumulation were also observed on incubation of platelets with SNP and adenosine, another activator of adenylate cyclase. Hemoglobin, which binds nitric oxide, blocked or reversed the increases in both cyclic [3H]GMP and cyclic [3H]AMP in platelets caused by the nitrovasodilators added either alone or with PGE1. Cilostamide, a selective inhibitor of platelet low Km cyclic AMP phosphodiesterase, had effects on platelet cyclic [3H]AMP accumulation identical to those of SNP, suggesting that the action of the latter depends on inhibition of the same enzyme. M&B 22,948, a selective inhibitor of cyclic GMP phosphodiesterase, potentiated the increases in both cyclic [3H]GMP and cyclic [3H]AMP caused by SNP. A hyperbolic relationship was found between the increases in cyclic [3H]GMP and cyclic [3H]AMP caused by different concentrations of SNP; this relationship was not affected by addition of M&B 22,948. The results strongly suggest that the increases in platelet cyclic [3H]AMP caused by nitrovasodilators in the presence or absence of activators of adenylate cyclase are mediated by the inhibition by cyclic GMP of cyclic AMP breakdown.(ABSTRACT TRUNCATED AT 400 WORDS)